The arginine biosynthetic precursors, ornithine, citrulline, and argininosuccinate, inhibit arginyl-transfer ribonucleic acid (tRNA) synthetase (EC 6.1.1.13, arginine: soluble RNA ligase, adenosine monophosphate) activity in the in vitro attachment assay system. Ornithine is the most potent, argininosuccinate is next, and citrulline is least effective. The implications of these results are discussed in relation to arginyl-tRNA synthetase activity and the level of the arginine biosynthetic enzymes during conditions of restricted and unrestricted supply of arginine to cells.
In Escherichia coli (E. coli), the rate of formation of amino acids is regulated by two processes, namely, repression of synthesis of the biosynthetic enzymes and end-product inhibition of the activity of the first pathway-specific enzyme. Repression of synthesis has also been demonstrated for several aminoacyl transfer ribonucleic acid (tRNA) synthetases (6, 12) . Perhaps of more physiological significance, Nazario (7) has reported inhibition of arginyl-tRNA synthetase by an arginine biosynthetic intermediate, argininosuccinate, in Neurospora crassa.
In this paper, we report evidence for inhibition of E. coli arginyl-tRNA synthetase activity by three arginine biosynthetic intermediates, ornithine, citrulline, and argininosuccinate.
The E. coli strain ABl 132, a threonine, leucine, methionine, proline, and histidine auxotroph (obtained from E. A. Adelberg), was used in all experiments. The cells were grown in an Lbroth (4), with aeration on a rotary-action shaker at 37 C. Growth was measured by optical density in a Zeiss spectrophotometer (model PMQ II) at 420 nm (light path of I cm).
Cells were collected by centrifugation and resuspended in 10 mM potassium phosphate buffer (pH 7.0) which contained I mM magnesium chloride, 20 mM thioglycerol, 0.5% sucrose, and 0.1 uM L-arginine. The cells were subjected to sonic treatment with a Branson Sonifier with the solution being held at 0 C. The resulting extract was centrifuged at 18,000 rev/min for 20 min. The supernatant fluid was dialyzed against the same phosphate buffer, but with no arginine, and the protein content of extracts was determined colorimetrically by the method of Lowry et al. (5) .
Arginyl-tRNA synthetase activity was determined by the "C-labeled amino acid attachment assay as described by Chrispeels et al. (1) . The transfer RNA was from E. coli K-12, and the radioactivity determinations were made with a Packard liquid scintillation spectrometer.
For the inhibition studies, the composition of the reaction mixture and method of product determination were identical to those of the standard attachment assay system, except for the fact that the inhibitor (I AM) was added before the addition of 14C-arginine (20 gM) to the tubes. The final reaction mixture was stirred by use of a Vortex mixer and incubated as in the standard assay system.
The results shown in Table I indicate that ornithine, citrulline, and argininosuccinate inhibited arginyl-tRNA synthetase activity in the crude extract of strain ABl 132. Ornithine was the best inhibitor of the three, argininosuccinate was next, and citrulline was the least effective. Furthermore, the data in Table I indicate that the amount of inhibition by the different precursors on arginyl-tRNA synthetase activity was additive. These results are in agreement with those of Nazario (7), who reported that the accumulation of endogenously synthesized argininosuccinate resulted in an inhibition of arginyltRNA synthetase in an arg-10 (argininosuccinate lyase) mutant of N. crassa. Furthermore, this inhibition of arginyl-tRNA synthetase was accompanied by a derepression (elevated level) of ornithine transcarbamylase (EC 2.1.3, carbamoylphosphate: L-ornithine transferase) even in J. BACTERIOL. Mmole of the specific inhibitor, and a limiting amount of enzyme extract (2 to 4 j,g). The inhibitors were added to the reaction mixture before the addition of 14C-L-arginine, and the complete reaction mixture was incubated at 37 C for 5 min. The reaction was terminated by the addition of 3 ml of 5% trichloroacetic acid, the tubes were held in an ice bath for at least I hr, and the precipitated reaction product was washed on a membrane filter with 10 ml of cold 5% trichloroacetic acid followed by 5 ml of 67% ethanol. The filters were dried by air, and the radioactivity determination was made with a Packard liquid scintillation spectrometer. h Inhibitors were added at a concentration of 10-6 M in the reaction mixture before the addition of 14C-Larginine (2 x 10-M).
c Specific activity is expressed as micromoles of arginine attached to tRNA per hour per milligram of protein.
d Per cent inhibition is equal to the activity in the presence divided by the activity in the absence of the inhibitor.
e Values are an average of three determinations.
the presence of excess arginine in N. crassa. For N. crassa, the latter result suggests a role of the synthetase in regulating the rate of synthesis of arginine. However, it has been reported that repression by arginine of the arginine biosynthetic enzymes was unaltered in arginyl-tRNA synthetase mutants of E. coli (3) . For E. coli, Schlesinger and Magasanik (10) have reported that inhibition of histidyl-tRNA synthetase by alphamethyl histidine, a histidine analogue, resulted in a derepression of the histidine biosynthetic operon. In addition, Silbert et al. (11) have reported that attachment of histidine to histidine tRNA was necessary for repression in that strains of Salmonella typhimurium which had reduced levels of histidine tRNA were derepressed for the histidine biosynthetic enzymes.
In the present study, ornithine was the most potent inhibitor of arginyl-tRNA synthetase activity. This inhibition would be prevented in an unrestricted (arginine) culture of E. coli, if ornithine were rapidly converted to the citrulline (i.e., a low Km for ornithine transcarbamylase). It has been shown by others that the activity of omithine transcarbamylase, which converts ornithine to citrulline, is at a much higher level than the activity of other enzymes of the pathway (2, 8) . Furthermore, the magnitude of the change in the activity of this enzyme is greater than that of the other arginine biosynthetic enzymes during shifts from repressive to derepressive growth conditions. These observations raise the important question of whether derepression of the arginine biosynthetic enzymes is solely a function of the arginine concentration. It may be that the level of the arginine precursors, which inhibit arginyl-tRNA synthetase activity, may also be important. Precursor level may be especially relevant during derepression accomplished by arginine-restricted growth of auxotrophs and bradytrophs. In this respect, Sercarz and Gorini (9) have reported that endogenous arginine had a lesser repressive effect on the synthesis of ornithine transcarbamylase than exogenously supplied arginine. These workers indicated that in a chemostat limited by acetylglutamate the level of this enzyme was fully derepressed over a wide range of doubling times; whereas, in a chemostat limited by arginine, the degree of derepression was more strictly related to the growth rate of the cells. The addition of acetylglutamate to the arginine-limited chemostat had no effect on the rate of ornithine transcarbamylase, although under the conditions of the experiment (arg 1-8-mutant) acetylglutamate would have been converted to ornithine, citrulline, and argininosuccinate. In view of the findings of the present report, the derepression observed during acetylglutamate limitation in the studies of Sercarz and Gorini (9) may have been influenced by inhibition of arginyl-tRNA synthetase by the arginine precursors. Although other interpretations have not been ruled out, the above explanation is predicted on the idea that arginyl-tRNA synthetase plays a role in regulation of arginine biosynthesis. Experiments designed to test this hypothesis are presently being conducted. 
